Abstract Punica species are medicinally important plants belonging to the family Lythraceae. The pomegranate is widely reported to exhibit antiviral, antioxidant, anticancer, anti-proliferative activities. In the present study the ethanolic extract of the peel seeds of two species of Punica (Punica granatum and Punica protopunica) were subjected to GC-MS analysis. Twenty-one and 14 compounds were identified in P. granatum and P. protopunica peel seeds, respectively. The main chemical constituents in P. granatum-peel seeds were propanoic acid, benzenedicarboxylic acid, methoxypropionic acid and methyl amine. The corresponding constituents of P. protopunica peel seeds were benzenedicarboxylic acid, benzoic acid and propanoic acid. Moreover, the antioxidant effects of the aqueous ethanolic extracts were estimated in vitro. The two tested extracts contained significantly different phenolic and total flavonoid contents in P. granatum than in P. protopunica. Different in vitro methods of antioxidant activity determination produced varying results. In malondialdehyde (MDA), hydrogen peroxide (H 2 O 2 ) scavenging and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assays, the two peel seed extracts exhibited very high antioxidant activities, with higher activity observed for the P. granatum extract. 
Introduction
Traditional medicine is the sum total of knowledge, skills and practices based on theories, beliefs and experiences indigenous to different cultures that are used to maintain health and also, to prevent, diagnose, improve or treat physical and mental illness (www.who.int/medicines/areas/traditional/definitions/en/). Various types of traditional medicine and other medical practices referred to as complementary or alternative medicine are increasingly used in both developing and developed countries.
Punica sp. (Punicaceae), recently described as nature's power fruit, are plants used in folkloric medicine for the treatment of various diseases (Abdel Moneim et al., 2011; Ajaikumar et al., 2005) and are widely cultivated in the Mediterranean region. Punica sp. are cultivated in Iran, California, Turkey, Egypt, Italy, India, Chile and Spain. The world pomegranate production amounts to approximately one and a half million tons (FAOSTAT http://www.fao.org), and the peel accounts for approximately 60% of the total weight (Lansky and Newman, 2007) .
Punica granatum L. commonly known as the pomegranate is one of the most important and oldest edible fruits of tropical and subtropical regions. It originated in the Middle East and India and has been used for centuries in ancient cultures for its medicinal purposes. Pomegranate has been widely reported to exhibit antiviral, antioxidant, anticancer and antiproliferative activities (Faria et al., 2006 (Faria et al., , 2007 Mukhtar, 2006, 2007) . The pomegranate is a symbol of life, longevity, health, femininity, fecundity, knowledge, morality, immortality and spirituality; if not divinity (Lansky and Newman, 2007) .
Punica protopunica commonly known as the pomegranate tree or Socotran pomegranate, is a species of flowering plant in the Lythraceae family that is endemic to the island of Socotra (Yemen). It differs from the pomegranate in having pink (not red), trumpet-shaped flowers and smaller, less sweet fruit. The fruit when ripe is yellow-green or brownish red in color. P. granatum L is considered to have originated in the region of Iran to northern India, and has been cultivated since ancient times. It is widely cultivated throughout the Mediterranean region of southern Europe, the Middle East and Caucasus region, northern Africa and tropical Africa, the Indian subcontinent, Central Asia, and the drier parts of southeast Asia. P. granatum L. has an especially wide variety of activities. Its fruits contain secondary metabolites such as alkaloids, flavonoids, steroids, phenolics, terpenes, volatile oils, mineral elements, amino acids glycosides and sterols (Yoshikazu et al. (2001) .
Gas chromatography mass spectroscopy, is the most commonly used technique for identification and quantification of compounds in extracted samples. The unknown organic compounds in a complex mixture can be determined by interpretation from matching the spectrum with reference spectra (Ronald Hites, 1997) . The objective of the present study was to compare the phytochemical constituents of the ethanolic extract of P. granatum and P. protopunica peel seeds using the GC-MS technique, particularly antioxidants, which are substances that markedly delay or prevent the oxidation of oxidizable substrate when present in foods or the body at low concentrations.
Antioxidants may help the body to protect itself against various types of oxidative damage caused by reactive oxygen species, which are associated with a variety of diseases including cardiovascular diseases, cancers (Gerber et al., 2002) , neurodegenerative diseases and Alzheimer's disease (Di-Matteo and Exposito, 2003) . Natural plant antioxidants can therefore be used as a type of preventive medicine. Dietary phenolic compounds and flavonoids have generally been considered, as non-nutrients and their beneficial effect on human health has only recently been recognized. Flavonoids are known to possess anti-inflammatory, antioxidant, antiallergic, hepatoprotective, antithrombotic, neuroprotective, and anticarcinogenic activities (Araceli et al., 2003) . Phenolic compounds may contribute directly to antioxidant activity because of the presence of hydroxyl functional groups around the nuclear structure that are potent hydrogen donators. These phenolic compounds of plant origin show antioxidant effects by various mechanisms including the ability to scavenge free radicals, chelate metal ions that serve as catalysts for the production of free radicals, and activate various antioxidant enzymes and inhibit oxidases (Kulkarni et al., 2004) .
Materials and methods

Collection of plant material
The fresh fruits of the two species of P. granatum and P. protopunica were collected from markets in Riyadh. The selected fruits were identified and authenticated in the Botany and Microbiology Department of Science College at King Saud University, Riyadh, Saudi Arabia.
Chemicals reagents
Thiobarbituric acid, D-catechin, quercetin, DPPH and 1,1,3,3-tetraethoxypropane were obtained from Sigma-Aldrich, UK. All other reagents used in this experiment were obtained from BDH.
Extraction
All seeds were washed with tap water. A portion of each sample was weighed (300-400 g) and 1500 ml of the extracting solvent (80% ethanol) was added. The extraction was conducted at 80°C for approximately 30 min, and the extract was filtered through cotton wool. The residue was extracted again using 1000 ml of the same extracting solvent for approximately 5 min in a boiling water bath, left overnight in the refrigerator and filtered through a cotton wool plug in the neck of the filter funnel. The two extracts were combined and evaporated using a rotary evaporator apparatus under vacuum at 40°C until no more water could be distilled. The obtained heavy extract was weighed and stored at À80°C to be used for further studies.
Determination of total phenolic compounds
The amount of total phenolic compounds in the ethanolic extract was expressed as the D-catechin equivalent (mg CE/100 g seed extract). Each extract (5 g) was initially dissolved in distilled water and the volume was then adjusted to 25 ml. The total phenolic contents were measured according to the method described by Singleton and Rossi (1965) . Briefly, 0.1 ml of the solution was added to 0.5 ml of Folin-Ciocalteau reagent and mixed for 1 min and then 1 ml sodium carbonate solution (0.08 g/ml) was added. The volume was then adjusted to 2 ml with distilled water and the solution was mixed again. The mixture was left for 1 h at room temperature in a dark place and the absorbance was measured at 760 nm using a UV/VIS spectrophotometer (Shimadzu, UV-1601). Measurements were taken in triplicates. The calibration curve of D-catechin was prepared by using concentrations from 50 to 400 lg/100 ml and the concentration of each sample was calculated from the D-catechin standard curve.
Determination of total flavonoids
The aluminum chloride colorimetric method was used for flavonoid determination and expressed as quercetin equivalent (mg/100 g seed extract) as described by Chang et al. (2002) . 0.1 ml of each extract (10 mg/ml) in methanol was separately mixed with 1.5 ml of methanol, 0.1 ml of 10% AlCl 3 , 0.1 ml of 1 M CH 3 COOK and 2.8 ml of distilled water and kept at room temperature for 30 min. The absorbance of the reaction mixture was measured at 415 nm. A calibration curve for quercetin was prepared by using concentrations from 12.5 to 100 lg/ml in methanol, and the total flavonoids were expressed as the quercetin equivalent (mg QE/100 g seed extract).
Total antioxidant activity of Punica sp. extract determined using the TBARS method
The thiobarbituric acid reactive species method was used as described by Duh et al. (2001) with slight modifications to measure the total antioxidant activity. Briefly, this method was conducted using the homogenate (10%) in phosphate buffer (pH 7.4) as a lipid rich medium. A stock solution of each extract in methanol (1 mg/ml) was prepared, different volumes (50, 100, 300, and 500 ll) from each stock solution were transferred into test tubes and the volumes were adjusted to 1 ml using the same solvent. Lipid peroxidation was initiated by adding 4.0 ml of ferric chloride (400 mM) and 40 ll of L-ascorbic acid (200 mM), followed by incubation for 1 h at 37°C. After incubation, 3 ml of 0.25 N HCl containing 15% trichloro acetic acid and 0.375% thiobarbituric acid was added. The reaction mixture was boiled for 30 min, cooled, and then centrifuged at 2000 g for 5 min. A blank was prepared with the same reagents without a sample extract, and using vitamin C as a positive control (100 lg/ml). The absorbance was measured at 532 nm and a decrease of absorbance indicated an increase in antioxidant activity. The antioxidant activity was expressed as the percentage inhibition of lipid peroxidation as follows:
where A b is the absorbance of the blank and A s is the absorbance of the sample or positive control (Test with a known result. This result is usually what researchers expect from the treatment, so it gives them something to compare).
Total reducing power ability (TRPA)
The total reducing power of the samples was determined according to the method described by Oyaizu (1986) . A stock solution of each extract in methanol (1 mg/ml) was prepared and different volumes (50, 100, 300, and 500 ll) from each stock solution were transferred to test tubes and the volume in each test tube was adjusted to 1 ml with the same solvent. Then, 2.5 ml of 200 mM sodium phosphate buffer (pH 6.6), and 2.5 ml of 1% potassium ferricyanide were added to each test tube and incubated at 50°C for 20 min. After incubation, 2.5 ml of 10% trichloroacetic acid was added and the mixture was centrifuged at 2000g for 10 min. The upper layer in each tube (2.5 ml) was mixed with 2.5 ml of deionized water and 0.5 ml of 0.1% ferric chloride. The absorbance was measured at 700 nm against a blank. The reducing power increases with the increase in absorbance. The total reducing power ability of each extract at different concentrations was compared to vitamin C as a positive control and the results were expressed as the vitamin C equivalent (l M).
DPPH radical scavenging activity
The antioxidant activities of the extracts were measured in terms of hydrogen donating or radical scavenging ability using the stable radical DPPH (Brand-Williams et al., 1995) . A methanolic stock solution of each sample was prepared to a concentration of 1 mg/ml. Different volumes (50, 100, 300, and 500 ll) of the stock solution were transferred to test tubes and the volume was adjusted to 1 ml using the same solvent. DPPH (2 ml; 0.06 M in methanol) was added to each test tube. A positive control (vitamin C, 100 lg/ml) was prepared in the same way as the samples. Finally, a solution containing only 1 ml of methanol and 2 ml of DPPH solution was prepared and used as a blank. All test tubes were incubated in a dark place at room temperature for 1 h. The spectrophotometer was set at 517 nm and the absorbance was adjusted to zero for methanol. The absorbance of the blank, positive control, and samples was recorded. The disappearance of DPPH was recorded and the percent inhibition of the DPPH radical by the samples and the positive control was calculated as follows:
% Inhibitionðor % radical scavenging activityÞ
where A b is the absorbance of blank (has the highest value) and A s is the absorbance of a sample or the positive control.
Preparation and extraction for GC-MS analysis
The peeled seeds of the two studied species P. granatum and P. protopunica were shade dried. The dried seeds were then pulverized to a powder using a mechanical grinder and the powders were preserved in an air sealed polythene cover. The powder (100 g for each) was macerated in ethanol for 5 days with occasional stirring and the extracts were filtered using Whatman No. 1 filter paper. The residues obtained after the filtration extraction were again extracted in methanol by the Soxhlet method. The extracts were taken and filtered. The crude extracts obtained were concentrated under reduced pressure in a rotary evaporator at 40°C and used for GC-MS analysis. 
Gas chromatography-mass spectrometry (GC-MS) analysis
GC-MS analysis was conducted on a Perkin Elmer Turbo mass spectrophotometer (Norwalk, CTO6859, and USA) which included a Perkin Elmer XLGC. The column used was a Perkin Elmer Elite-5 capillary column measuring 30 Â 0.25 mm with a film thickness of 0.25 mm and composed of 95% dimethyl polysiloxane. The carrier gas used was helium at a flow rate of 0.5 ml/min. A 1 ll sample injection volume was utilized. The inlet temperature was maintained as 250°C. The oven temperature was programed initially at 110°C for 4 min, then increased to 240°C. Then, the temperature was programed to increase to 280°C at a rate of 20°C ending with a 5 min period. The total run time was 90 min. The MS transfer line was maintained at a temperature of 200°C. The source temperature was maintained at 180°C. The GC-MS was analyzed using electron impact ionization at 70 eV and the data were evaluated using total ion count (TIC) for compound identification and quantification. The spectra of the components were compared with the database of spectra of known components stored in the GC-MS library. Measurement of peak areas and data processing was conducted by using the database of the WILEY-275 and FAME Libraries. The names, molecular weights and structure of the components of the test materials were thereby ascertained.
Results and discussion
The total phenolic contents for P. granatum was 632.5 mg as D-catechin equiv./100 g seed, and the total flavonoids content for the same samples was 361.8 as quercetin equiv./100 g seed. For P. protopunica, the total phenolic compound and flavonoid contents were 409.4 and 201 mg D-catechin equiv./100 g, respectively. The present results (Table 1) show that the P. granatum extract had higher amounts of both total phenolics and total flavonoids. However, the ratio of total flavonoids/ total phenolics (0.49-0.57) in the present samples indicates a high content of flavonoids (Table 1) . The ratio of the total flavonoids to the total phenolics was in the range of 0.49-0.57%, which means that the flavonoids may be primarily responsible for the biological activity because flavonoids especially those having hydroxyl groups are potent hydrogen donors ( Å H) and consequently can easily neutralize free radicals.
The total antioxidant activity of the two Punica extracts against lipid peroxidation was expressed as the percent inhibition of TBARS formation ( Table 2 ). The data showed that all extracts had antioxidant activity, as they inhibited lipid peroxidation in a concentration dependent manner. Thus, the results of TBARS obtained from the lowest and the second levels of the extract show that the P. granatum extract had significantly Figure 1 Antioxidant capabilities [TBARS, Thiobarbituric acid reactive species method; Sc.A. of (NO), nitric oxide (NO) scavenging activity and Sc.A. of (DPPH), radical scavenging effects of the extract on DPPH free radical] of Punica granatum (A) and Punica protopunica extracts. Data are presented as the mean ± SE (n = 3).
*
Significantly correlated (p 6 0.05).
higher activity in preventing lipid peroxidation than the other extract. However, at higher levels all extracts and the positive control showed almost the same ability to prevent lipid peroxidation. All extracts showed almost complete inhibition of lipid peroxidation that was not significantly different from the results of the positive control. These results are in agreement with many studies that attributed the antioxidant activity to the presence of phenolic and polyphenolic compounds in various plants (Gazzani et al., 1998) , fruits (Meyer et al., 1998) , and medicinal plants (Vinson et al., 1995) .
The hydroxyl radical scavenging activities of both ethanolic Punica sp. extracts were noted as low to intermediate and increased in a concentration dependent manner (Fig. 1) . This study therefore confirmed that Punica extracts are active scavengers of hydroxyl radicals, which cause damage to DNA. All extracts had significantly lower Å OH radical scavenging activity than the positive control, but at the highest concentrations, the P. granatum extract showed significantly higher Å OH radical scavenging activity than the P. protopunica extract. In this study, all extracts had significantly lower Å OH radical scavenging activity than the positive control, but at the highest concentrations, the P. granatum extract showed significantly higher Å OH radical scavenging activity than the P. protopunica extract. Hydroxyl radicals ( Å OH) is an extremely reactive free radical formed in biological systems that may cause serious damage by damaging the biomolecules of living cells. Å OH has the capacity to break DNA strands, which contributes to carcinogenesis, mutagenesis, and cytotoxicity. In addition, this radical species is thought to be one of most rapid initiators of the lipid peroxidation process, abstracting hydrogen atoms from unsaturated fatty acids (Bloknina et al., 2003) .
The present study has shown that the extract from the two Punica sp. exhibited strong DPPH scavenging activity (Fig. 1) , where an increase in the extract concentration resulted in a significant decrease in the concentration of DPPH because of the free radical scavenging effect of the extract. Because the (Conforti et al., 2005) that relate the hydrogen donation ability using the DPPH method to the presence of phenolic and polyphenolic compounds. In the presence of hydrogen donors, DPPH Å is oxidized, and a stable free radical is formed from the scavenger.
Gas chromatography mass spectroscopy analysis was conducted on the crude ethanolic extract of the peel seeds from two Punica species. The peaks in the chromatogram were integrated and compared with the database of spectra of known components (Wily-275) stored in the GC-MS library. Detailed tabulations of the GC-MS analysis of the extracts are given in Tables 2 and 3 . Phytochemical by GC-MS analysis of the studied Punica species revealed the presence of different fatty acids, heterocyclic compounds etc.
The comparison of the mass spectra with the database gave a match higher than 85% and a confirmatory compound structure match. The GC-MS analysis of the concentrated ethanol extract identified many compounds.
The GC-MS chromatogram of the ethanolic extract of P. granatum peel (Fig. 2) showed 21 peaks indicating the presence of twenty-six phytochemical constituents. Via comparison of the mass spectra of the constituents with the WILEY275 library, the twenty-one phytoconstituents were characterized and identified (Table 3) . The major phytochemical constituents were benzenepropanoic acid, beta-oxo silane, 1, 2-benzenedicarboxylic acid, bis (Di-(2-ethylhexyl) phthalate 1,2-benzenedicarboxylic acid, 2-propanol, 1-(propylthio)-(CAS) ethanol (CAS) ethyl alcohol methyl ester of 3-methoxypropionic; 1,3-dibutyl urea and 1H-pyrrole-2, 5-dione, 3-methyl-4-(mitomycin B -azirino (2 0 ,3 0 :3,4) p2-(N-benzyl-N-methyl amino).
The P. protopunica seed extract showed 14 peaks in (Fig. 3 ) the GC-MS chromatogram indicating the presence of 14 phytochemical constituents. Through comparison with mass spectra 14 phytoconstituents were characterized and identified ( Table 2 ). The major phytochemical constituents were Di-2 (2-ethylhexyl) phthalate 1,2-benzenedicarboxylic acid, bis (1,2-benzenedicarboxylic acid, benzoic acid (CAS) propanoic acid, 2-hydroxy-ethyl formic acid and benzoic acid (CAS) propanoic acid, and 2-hydroxy-formic acid.
Our results indicated that peel seeds of pomegranate could be considered as a highly valuable source of the antioxidants displaying higher activity as compared with ascorbic acid which was used as a positive control. The difference in the antioxidant activity of the two peel seeds in the two species may be attributed to their different phenolic and flavonoid compositions. It was mentioned that peels contained more phenolics than did flesh tissues (Negi and Jayaprakasha, 2003) . Reddy et al. (2007) stated that total tannins and purified constituents (e.g., ellagic acid and punica lagins) of crude pomogranate possessed antioxidant activity and strongly inhibited ROS generation with IC 50 of 0.33-11 lg/ml. 
Conclusion
In all tested methods, the antioxidant activity of all Punica sp. was compared with that of vitamin C, which is a well-known potent antioxidant. In general, Punica sp. appear to be a good source of natural antioxidants. In the present study, 21 and 14 constituents were identified from the ethanolic extract of P. granatum peel and P. protopunica by GC-MS analysis, respectively. Many fatty acids were present in both extracts. The presence of various bioactive compounds justifies their use for the treatment of various ailments by traditional practitioners. Propanoic and benzoic acids were present in high amounts in seeds of both Punica species. Moreover, Punica sp. could be considered a powerful source of natural antioxidants.
